Abstract. The crystal structure and physical properties of radical ion salts (EDO-TTFBr 2 ) 2 FeX 4 (X = Cl, Br) composed of halogen-substituted organic donor and magnetic halide anions are investigated. The salts consist of uniformly stacked donor molecules, whose Br substituents are connected to halide ligands of anions with remarkably short intermolecular contacts. Both salts show metallic behavior above ca. 30K. The FeCl 4 salt shows an antiferromagnetic (AF) transition at T N = 4.2K despite the absence of anion···anion contacts, thus the magnetic interaction between the localized spins on the anions is mediated by the -d interaction through the Br···Cl contacts. For the FeBr 4 salt the AF transition temperature is elevated to T N = 13.5K, accompanied with another anomaly at T C2 = 8.5K. This behavior can be qualitatively explained by a magnetic structure model where the -d interaction between donor and anion is taken into account.
INTRODUCTION
Crystal structure design of molecular conductors is well recognized to be essential for achieving their attractive physical properties. From this viewpoint halogen-substituted donor molecules and their salts with halogen-containing anions have been investigated [1, 2] , where intermolecular close halogen···halogen contacts characterize their crystal structure. If magnetic anions are introduced to such salts, these intermolecular contacts are also expected to mediate exchange interaction between the conduction -electrons on the donors and localized d-electrons on the anions, leading to the novel conducting molecular magnets. Here we report the crystal structure, conductivity and magnetic properties of (EDO-TTFBr 2 ) 2 FeX 4 (1: X = Cl, 2: Br) to show the evidences that halogen···halogen contacts between donors and anions play essential roles in their magnetism. 
RESULTS AND DISCUSSION
Salts 1 and 2 have an isomorphous crystal structure as presented in Figure 1 . The donor molecules form one-dimensional uniform column along the c-axis. The overlap integrals along the stacking direction (//c) are 3~5 times larger than along the side-by-side direction (//a), suggesting a quasi-1D JOURNAL DE PHYSIQUE IV 546 electronic nature of the -electron system. Short Br···X contacts are observed between the Br substituent of the donors and the halide ligand of the anion, whose distances (1: 3.349(2), 2: 3.523(6)Å) are significantly shorter than the corresponding van der Waals (vdW) distances (X = Cl: 3.60, = Br: 3.70 Å). For the salt 2, the Br···Br contacts (distance: 3.871(8) Å) between the anions form 1D chains along the a-axis (Fig. 1(b) ). For the salt 1, on the other hand, Cl···Cl distances (3.943(3) Å) between the anions are too long to be regarded as intermolecular contacts, hence the FeCl 4 anions interact only with the donor molecules through the close Br···Cl contacts. Both salts show high conductivities at room temperature (~100Scm -1 ) and metallic behavior down to ca. 30 K, where metal-insulator transitions take place whose origin are considered to be the instability of quasi-1D electronic nature. The magnetic susceptibilities of the both salts ( Fig. 2(a) and (b)) obey the Curie-Weiss law in the high temperature range with Weiss temperatures -9.0 K and -23 K for 1 and 2, respectively. The susceptibility of 1 shows a broad peak of short-range order around 7K, and an antiferromagnetic (AF) transition takes place at T N = 4.2 K. It is noteworthy that this transition occurs despite the absence of intermolecular contacts between the FeCl 4 anions, showing the indispensability of the -d exchange interaction realized through the Br···Cl contacts between the donors and anions.
The magnetic properties of 2 show complicated behavior. Below 30 K the susceptibility along the c-axis deviates from the other two axes, which is explained with a single-ion anisotropy (D > 0) of the FeBr 4 anions. This is caused by a uniaxial steric distortion due to the close Br···Br contacts between donors and anions. At T N = 13.5 K an AF transition takes place with the spin-easy axis parallel to the b-axis. As the Br···Br distance along the 1D anion chain is longer than the vdW distance (3.70 Å), this high T N is owing to the -electron mediated exchange interaction between donors and anions rather than direct interaction within the 1D chain. At T C2 = 8.5 K another transition is observed, below which the susceptibilities along the a and b axes show easy-axis-like behavior suggesting a helical-order spin state. In a four-sublattice model with three exchange interactions between the FeBr 4 anions J 1 (<0), J 2 and J 3 as shown in Fig. 2(c) , a helical spin structure is stabilized for 0 < J 2 < -2J 3 and (J 2 /|J 1 |) 2 + 2(J 3 /|J 1 |+1/4) 2 < 1/8. As J 2 and J 3 are exchange interaction mediated by the -electron layer, this complex magnetic behavior is also the consequence of the -d interaction originating from the intermolecular halogen···halogen contacts. 
